A 35-year-old Turkish male patient was referred to us with a year-long history of joint paint and congenital hearing loss. Family history revealed more family members with hearing loss without paraneoplastic syndrome. These findings led us to investigate the genetic alterations associated with familial hypophosphatemia, which revealed an ENPP1 mutation.
Introduction
Serum phosphate levels of less than 2.5 mg/dL are defined as hypophosphatemia. Phosphate is a crucial component of bone structure. It facilitates adenosine triphosphate (ATP) transport during cell cycle, and its levels in serum affect the enzyme activity (1) . Increased phosphate levels are regulated by decreased Vitamin D and increased parathyroid hormone levels. Phosphate regulation is facilitated by parathyroid hormone (PTH) via distal tubules; however, the mechanism remains unknown (2) . Recent studies revealed that the gene responsible for the regulation of phosphate levels is located on the X chromosome, and mutations in this gene result in hypophosphatemic rickets (3) . Hypophosphatemia is not associated with race or gender in Caucasians except X-linked hypophosphatemic rickets. Acquired hypophosphatemia is most commonly seen during the transition from puberty to adulthood. With increasing age, it accompanies alcoholism, cancers, malabsorption, and vitamin D deficiency (4) . While patients with hypophosphatemia are usually asymptomatic, X-linked hypophosphatemic rickets is characterized by a short stature, bone pain, and radiological findings (5) . In addition, the patients have low 1.25 dihyrodxyvitamin D3 levels. If hy-pophosphatemia and low 1.25 dihyrodxyvitamine D3 levels are accompanied by high PTH levels, secondary hyperparathyroidism and intestinal malabsorption is suspected (6) . Our case had all the mentioned symptoms, in addition to hearing loss. The accompanying hearing loss led us to the genetic investigation as previously described. An early onset conductive hearing loss may further distinguish the ENPP1-related hypophosphatemia from other types of hypophosphatemia (7) . A 35-year-old Turkish male patient was referred to us with a year-long history of joint pain and congenital hearing loss. Magnetic resonance imagining (MRI) results were compatible with osteomalacia. Family history revealed other family members with hearing loss. Further investigations showed no signs of paraneoplastic syndrome. The TmP-GFR was also compatible with a phosphate loss in urine. These findings led us to investigate the genetic alterations associated with familial hypophosphatemia, which in turn revealed a ENPP1 mutation.
Methods
Written informed consent was obtained from all patients, and the study was approved by the Ethical Committee of the Istanbul School of Medicine (2014/792-247). All measurements were performed on the serum samples obtained after 12-hour fasting, isolated by centrifugation within 30 min following blood drawing, and stored at −80°C before the biochemical analysis. A mutation analysis was performed using the previously described primers, covering a 569 bp region on ENPP1 cDNA, corresponding to the region between amino acid residues 745 and 941. The total RNA was isolated from blood samples using Qia-gen Total RNA extraction mini kit. The isolated RNA samples were converted to cDNA by commercial kits. The cDNA samples were amplified using the PCR, and these PCR products were purified. Following amplification and purification, the PCR products were sequenced.
Statistical analyses
The detected mutation was compared to the known sequences in various databases. None of the compared sequences included the p.D85H mutation. Since the study involves mutation detection by sequencing, a database comparison statistical analysis was not required.
Results
All ions and hormones were measured in the serum. The patient was found to have hypophosphatemia, a high level of PTH, an elevated plasma alkaline phosphatase level, normal levels of serum calcium, and vitamin D metabolites (25OH and 1.25 (OH)2), consistent with hypophosphatemic rickets (Table 1) . Sequencing results revealed a novel mutation (NM_006208.2: c.G1444C, NP_006199.2: p.D85H). The patient was heterozygous for this mutation, while his parents and sibling did not harbor the mutation (Figure 1 ).
Discussion
The ENPP1 gene resides in a chromosomal locus that is a suggestive quantitative trait locus for the bone loss in rats (8) . We present the identification of an inactivating mutation in the ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) gene causing autosomal recessive hypophosphatemic rickets (ARHR). Thus, we hypothesized that the ENPP1 activity may play a role in this trait, which will affect the bone loss in turn, as observed in the hypophosphatemic patients. Because the proband is from Turkey, we decided to investigate the previously reported mutations in Turkish patients. The substituted amino acid residue is highly conserved in ENPP1 ( Figure 2 ). Since the 3D structure of the ectonucleotide pyrophosphatase is yet to be revealed, the mutation was not modeled. Instead, we used the online mutation effect prediction software, which predicted a highly damaging mutation. The polyphen-2 scoring of mutation effect indicated a highly damaging mutation, where a score closer to 1 indicates a more damaging effect (score: 0.961, sensitivity: 0.78, specificity: 0.95) (9) . The Sorting Intolerant from Tolerant (SIFT) scoring of mutation effect also indicated a damaging mutation (SIFT score: 0; a score closer to 0 indicates a more damaging effect) (10) . At present, we have no further explanation, but our results suggest that the ENPP1 p.D85H mutation may be associated with hypophosphatemic rickets accompanied by hearing loss.
Conclusion
Our results suggest that the ENPP1 p.D85H mutation may be associated with hypophosphatemic rickets accompanied by hearing loss.
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